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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to portable 

electronic devices and, more particularly, to a portable 
electronic device having a camera or other image taking 
device . 

Brief Description of Prior Developments 

[0002] Portable electronic devices, such as mobile 

telephones and PDAs, have been provided in the past with 
a camera for taking digital photographs. However, a 
problem exists regarding the manufacture of these 
portable electronic devices with cameras. The devices 
require individual different camera connection designs to 
accommodate different positions of the cameras relative 
to printed wiring boards inside the portable electronic 
devices. There has not been provided a standardized 
construction for connecting a camera with a printed 
wiring board that can be used in multiple different types 
of designs of portable electronic devices which have 
their printed wiring boards at different positions inside 
the portable electronic devices. 

[0003] There is a problem of how to provide a common 

camera module in different device models; and especially 
in device models where device printed wiring boards are 
located in different positions in a Z direction (relative 
to an X-Y orientation of the printed wiring board) . 
Product specific cameras and/or connectors for those 
devices have been manufactured in the past . Those 
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devices have been designed so that a certain camera can 
fit into a specific device, but cannot be assembled in 
other designs. This has most probably caused compromises 
to product construction. This type of individualized 
device specific connection of cameras to printed wiring 
boards in different types or configurations of portable 
electronic devices increases the costs of multiple 
product lines and increases assembly complexity as well 
as research and development costs to design the different 
connections for the different designs. 

[0004] There is a desire to provide a connection 

between a camera and a printed wiring board in a portable 
electronic device which can accommodate location of a 
module camera unit at various different Z direction 
positions relative to a printed wiring board to 
accommodate different designs and types of portable 
electronic devices. Thus, there is a desire to provide a 
connection system having common components, such as a 
common camera module and a common electrical connector, 
which has a variable or adjustable height connection of 
the camera module to the electrical connector. This type 
of variable or adjustable height connection preferably 
allows location of the camera relative to the printed 
wiring board at a variety of locations ranging from the 
printed wiring board being located proximate a rear end 
of the camera to the printed wiring board being located 
proximate a front end of the camera. 



SUMMARY OF THE INVENTION 

[0005] In accordance with one aspect of the present 

invention, a portable electronic device is provided 
including a device printed wiring board; an electrical 
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connector connected to the device printed wiring board; 
and a camera coupled to the device printed wiring board 
by the electrical connector at a sliding height 
connection. The sliding height connection allows the 
camera to slide relative to the electrical connector 
along a first axis to allow positioning of the camera 
relative to the electrical connector at one of a 
plurality of different heights along the first axis. 

[0006] In accordance with another aspect of the present 
invention, a portable electronic device camera is 
provided comprising a housing; electrical conductors 
along a first late ral side of the housing; and a camera 
printed wiring board stationarily connected to the 
housing and coupled to the electrical conductors. The 
electrical conductors are adapted to be removably 
connected to contacts of an electrical connector located 
along the first lateral side of the housing. 

[0007] In accordance with another aspect of the present 
invention, a printed wiring board and electrical 
connector subassembly is provided comprising a mobile 
telephone printed wiring board; and a camera electrical 
connector attached to the mobile telephone printed wiring 
board. The camera electrical connector comprises a 
camera receiving area adapted to receive a camera therein 
and make electrical contact with conductors of the camera 
inside the camera receiving area. 

[0008] In accordance with another aspect of the present 
invention, a portable electronic device is provided 
comprising a device printed wiring board; an electrical 
connector connected to the device printed wiring board, 
wherein the electrical connector has a camera receiving 



slot; and a camera coupled to the printed wiring board by 
the electrical connector. A housing of the camera is 
located partially inside the camera receiving area to 
provide a substantially stationery telescoping connection 
with a partially coplanar height. 

[0009] In accordance with one method of the present 
invention, a method of assembling a portable electronic 
device is provided comprising providing an electrical 
connector on a printed wiring board; inserting a camera 
into a slot through the electrical connector; and making 
electrical connection between the electrical connector 
and the camera at a first lateral side of the camera 
inside the slot of the electrical connector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing aspects and other features of the 

present invention are explained , in the following 
description, taken in connection with the accompanying 
drawings , wherein : 

[0011] Fig. 1 is a perspective view of a mobile 

telephone incorporating features of the present 
invention; 

[0012] Fig. 2 is a rear side view of the mobile 

telephone shown in Fig. 1; 

[0013] Fig. 3 is a diagrammatic cross sectional view 

of the telephone shown in Figs. 1 and 2 at the camera 
module location; 
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[0014] Fig. 4 is a diagrammatic cross sectional view 

of the camera module, the electrical connector and device 
printed wiring board shown in Fig. 3; 

[0015] Fig. 5 is a perspective view of the components 

shown in Fig. 4; 

[0016] Fig. 6 is a perspective view of the components 

shown in Fig. 5 taken from an opposite side; 

[0017] Fig 7 is a perspective view as in Fig. 5 with 

the camera module removed from the electrical connector; 

[0018] Fig. 8 is an exploded perspective view of the 

camera module shown in Fig. 4; 

[0019] Fig. 9 is a diagrammatic cross sectional view 

similar to Fig. 3 of an alternate embodiment of a 
portable electronic device incorporating features of the 
present invention; 

[0020] Fig. 10 is a diagrammatic cross sectional view 

similar to Fig. 3 of another alternate embodiment of a 
portable electronic device incorporating features of the 
present invention; 

[0021] Fig. 11 is a diagrammatic cross sectional view 

similar to Fig. 3 of another alternate embodiment of a 
portable electronic device incorporating features of the 
present invention; 

[0022] Figs. 12-14 are perspective views showing one 

type of method for manufacturing the camera module 
housing shown in Fig. 8; 
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[0023] Figs. 15-16 are perspective views of a 

connection of a camera module to a device printed wiring 
board in a mobile telephone; 

[0024] Figs. 17-18 are perspective views of a 

connection of a camera module to a device printed wiring 
board in a conventional mobile telephone; 

[0025] Fig. 19 is a cross sectional view of another 

alternate embodiment of the present invention; and 

[0026] Fig. 20 is a cross sectional view of another 

alternate embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] Referring to Fig. 1, there is shown a 

perspective view of a portable electronic device 10 
incorporating features of the present invention. 
Although the present invention will be described with 
reference to the exemplary embodiments shown in the 
drawings, it should be understood that the present 
invention can be embodied in many alternate forms of 
embodiments. In addition, any suitable size, shape or 
type of elements or materials could be used. / 

[0028] The portable electronic device 10, in the 

embodiment shown, comprises a mobile telephone. In 
alternate embodiments, the portable electronic device 
could comprise any suitable type of mobile electronic 
device including, for example, a PDA, a laptop computer, 
or an electronic game. Features of the present invention 
could also be incorporated into other types of electronic 
devices, such as a stand-alone digital camera adapted to 
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be connected to a desktop computer or personal computer, 
for example. 

[0029] Referring also to Fig. 2, the mobile telephone 

10 generally comprises a housing 12, a keypad 14, a 
display 16, a joystick 18, control keys 20, an antenna 
21, a digital camera or camera module 24, and electronic 
circuitry 22 located inside the housing and operably 
coupled to these components. In alternate embodiments 
the portable electronic device 10 could comprise 
additional or alternative components. The electronic 
circuitry includes a printed wiring board 28 (see also 
Fig. 3) and a transceiver 2 6 mounted on the printed 
wiring board which is connected to the antenna 22. In 
this embodiment the telephone 10 has a camera window or 
lens 30 located at a rear side 32 of the housing 12. 
However, in alternate embodiments, the telephone could 
have its camera window located at any suitable side of 
t he t e 1 ephone . 

[0030] Referring also to Figs. 3-6, the printed wiring 

board 2 8 extends along the longitudinal length of the 
housing. The camera 24 is coupled to the printed wiring 
board 28 by a connection system comprising an electrical 
connector 34. In this embodiment, the printed wiring 
board 28 comprises a slot 36. As seen best in Figs. 5 
and 6, the slot 36 is shown at one end of the printed 
wiring board. However, in alternate embodiments, the 
slot could be located spaced from an end of the printed 
wiring board. Referring also to Fig. 7, the electrical 
connector 34 generally comprises a housing 38 and 
electrical contacts 40. In this embodiment, the housing 
3 8 has a general ring shape with a camera module 
receiving area 42 located in the center of the general 

7 



ring shape. In an alternate embodiment, the housing 
could comprise any suitable type of shape so long as the 
housing comprises a camera module receiving area. The 
camera module receiving area 42 of the housing 38 is 
aligned with the slot 36 of the printed wiring board 28 
when the electrical connector is attached to the printed 
wiring board. The camera module receiving area 42 

comprises a slot which extends entirely through the 
housing 3 8 such that an entirely open passage is provided 
through the printed wiring board and the electrical 
connector at the camera module receiving area. In an 
alternate embodiment, one end of the camera module 
receiving area could be closed and the slot 36 in the 
printed wiring board might not be provided. 

[0031] The electrical contacts 40 preferably comprise 

spring contacts which are connected to contact pads on 
the printed wiring board 28, such as by soldered surface 
mounting or by solder tail through hole mounting. In one 
type of alternate embodiment, the housing of the 
electrical connector could be integrally molded with a 
portion of the housing 12. The electrical contacts 40 
have deflectable contact portions which extend into the 
camera module receiving area 42 from opposite sides of 
the receiving area. In an alternate embodiment, the 
deflectable contact portions could extend into the camera 
module receiving area from more or less than two of the 
interior facing sides of the housing. However, with the 
electrical contacts 40 located on opposite sides of the 
housing 38, forces exerted against the electrical 
contacts in opposite directions by an inserted camera 
module 24 can balance each other out for a zero net force 
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of the electrical connector against the printed wiring 
board. 

[0032] Referring also to Fig. 8, the camera module 24 

generally comprises a camera module housing 44, and 
digital camera optics and electronics 46 which include a 
camera printed wiring board 48. The camera or camera 
module 24 could comprise any suitable conventional optics 
and electronics. The camera could comprise a still image 
digital camera or a video camera, or any other suitable 
type of electronic image taking device. In this 

embodiment, the camera module housing 44 preferably 
comprises an electrically insulating member 50 and 
electrical conductors 52 located on the exterior of the 
insulating member. In a preferred embodiment, the 

electrical conductors 52 comprise metallized conductors 
formed on the insulating member 50. However, in 

alternate embodiments, the electrical conductors could 
comprise separate members which are attached to the 
insulating member. 

[0033] The camera module housing 44 comprises a first 

section 54 and a second section 56. The second section 
56, in the embodiment shown, has an exterior profile 
almost identical to the shape of the camera module 
receiving area 42. The second section 56 is adapted to 
be located inside the camera module receiving area 42. A 
first lateral side 58 of the second section 56 and an 
opposite second lateral side 60 of the second section 56 
has portions 62 of the electrical conductors 52 
therealong. Portions 64 of the electrical conductors 52 
extend from the first and second lateral sides 58, 60 to 
and along an adjacent back side 66. 
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[0034] The camera printed wiring board 4 8 comprises 

contact pads 68. The camera printed wiring board 48 is 
attached to the back side 66 of the second section 54 
such that the contact pads 68 make electrical connection 
with the portions 64 of the electrical conductors. For 
example, the contact pads 68 can be soldered to the 
portions 64 to attach the camera printed wiring board 4 8 
to the housing 44 . Electrical connection between the 
camera module housing and the camera printed wiring board 
can be achieved by solder or by special glue when the 
camera printed wiring board is installed. The back side 
70 of the printed wiring board 4 8 could also comprise 
electrical connection areas if desired. 

[0035] Referring back to Figs. 3-6, the electrical 

connector 34 is attached to the device printed wiring 
board 2 8 at the slot 3 6 through the printed wiring board 
28. Portions of the electrical spring contacts 40 extend 
into the camera module receiving area 42 (shown best in 
Fig. 7) . The camera module 24 is inserted into the 
camera module receiving area 42. Specifically, the 

second section 5 6 of the camera module housing 44 (shown 
best in Fig. 8) is located in the camera module receiving 
area 42. The portions 62 (see Fig. 8) of the electrical 
conductors 5 2 are aligned with and contact individual 
ones of the contacts 40 inside the camera module 
receiving area 42. More specifically, one row of the 
contacts 40 contacts the portions 62 on the first lateral 
side 58 and another row of the contacts 4 0 contact the 
portions 62 on the second lateral side 60. 

[0036] The portions 62 have an elongated length along 

the sides 58, 60. The camera module 24 is slid into the 
receiving area 42 along the Z axis 72 as indicated in 
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Fig. 4. The portions 62 are adapted to slide along the 
contacts 40. The Z position or height of the camera 
module 24 in the camera module receiving area 4 2 is 
variable or adjustable; at least until the camera module 
is stationarily encased by the telephone housing 12. The 
contacts 4 0 are adapted to make electrical connection 
with the electrical conductors 52 at a variety of 
different heights along the portions 62. The first 
section 54 of the camera module housing 44 can extend 
through the slot 3 6 of the device printed wiring board 
28. 

[0037] Referring particularly to Fig. 3, after the 

camera module 24 is inserted into the electrical 
connector 34 the rear housing piece 74 of the housing 12 
can be connected to the front housing piece 76 of the 
housing 12 to close the camera module and device printed 
wiring board 28 inside the housing 12. A camera gasket 
78 is provided between the front side of the camera 
module 24 and the rear side of the window 30. An image 
inlet aperture 2 5 of the camera module 24 is located at 
the inside hole of the gasket. A support pad 80 is 
provided between the rear side of the camera printed 
wiring board 4 8 and the housing 12 to stationarily 
sandwich and fix the Z direction of the camera module 
inside the housing 12 . In an alternate embodiment the 
rear end of the camera module could be located against a 
rear side of another component, such as the display 16 
(see Fig. 1) or a support for the keypad 14 (see Fig. 1) . 
The device printed wiring board 28 is also stationarily 
located inside the housing 12. Thus, the camera module 
24 and device printed wiring board 2 8 are located 
substantially stationery relative to each other. 
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[0038] The camera module 24 extends through the 

electrical connector 34 in a general stationery 
telescoping arrangement. Because the electrical 

connector 34 is located along a portion 82 of the height 
of the camera module 24, the overall height 83 of the 
electrical connector and camera module assembly is 
smaller than if the electrical connector was located at a 
rear end of the camera module. The housing of the camera 
and the housing of the electrical connector have heights 
which are partially coplanar at height 82; provided by 
the substantially stationary telescoping connection. In 
an alternate embodiment, the telescoping connection could 
be movable rather than substantially stationary. The 
overall height 83 is merely the height of the camera 
module 24. This allows the height 85 of the housing 12 
to be smaller than conventional portable telephones 
having cameras. Because the printed wiring board 28 is 
located along a portion of the height of the camera 
module 24, the overall height of the assembly is also 
smaller than if the device printed wiring board was 
located at a rear end of the camera module. 

[0039] Referring now to Figs. 9-11 alternate 

embodiments of portable electronic devices are show which 
comprise the features of the present invention. Figs. 9- 
11 show cross sectional views of three different mobile 
telephones 100, 200, 300 similar to that shown in Fig. 3, 
but having their device printed wiring boards 128, 228, 
328 located at different heights 87, 88, 89 in the Z 
direction inside the telephone housings 112, 212, 312. 
Each of the telephones 100, 200, 300 comprise the same 
type of camera module 24 and the same type of electrical 
connector 34. Thus, all four telephones 10, 100, 200, 



12 



3 00 have the same type of camera connection system with 
modular components even though the telephones have their 
respective device printed wiring boards at different 
heights relative to the camera modules. 

[0040] The elongated length of the contact portions 62 

(see Fig. 8) of the electrical conductors allow the 
contacts 40 of the electrical connector 34 to make 
electrical connection therewith at a variety of different 
heights along the housing 44 of the camera module. This 
provides a sliding height connection or a stepless 
movement height connection. The same camera module 24 
and electrical connector 34 can be used for portable 
electronic devices having their printed wiring boards at 
any suitable height, such as heights 86, 87, 88 and 89 
inside the housings. The connection system of the 

present invention provides for a wide stepless range for 
the Z position of the camera module relative to the 
device printed wiring board. As seen with the embodiment 
shown in Fig. 11, the camera module 24 can even be 
located spaced from the height of the device printed 
wiring board. Thus, the printed wiring board does not 
need to include a slot for the camera module. 

[0041] Referring now also to Figs. 12-14 one method of 

manufacturing the housing 44 for the camera module 24 
will be described. A member 90 can be provided which is 
comprised of a metallizeable plastic material. A second 
member 92 can be attached to the first member 90. The 
second member 92 can comprise a non-metallizeable plastic 
material. In one type of method, the second member 92 
can be overmolded onto the first member 90. The members 
90, 92 can be provided as a one piece member. Surfaces 
93 can be masked if they are not desired to be 
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metallized. Metallization can occur for creating the 
electrical conductors 52. Surfaces 94 can also be 

metallized for creating electromagnetic compatibility and 
electrical static discharge shielding. This is only an 
example of how this type of housing can be manufactured. 
There are also other ways to get equivalent 
constructions, such as using separately manufactured 
metallic contact pads installed into the plastic housing 
pieces. However, with the method described above, the 
camera housing 44 including the conductors can be 
provided as a one piece member. 

[0042] Referring to Figs. 15-16 a connection of a 

camera module 96 to a device printed wiring board 97 in a 
mobile telephone is shown. The camera module 96 is 
stationarily attached to the device printed wiring board 

97 by electrical connectors 98. The camera printed 
wiring board 99 rests on top of top surfaces of the 
electrical connectors 98. The height of the connectors 

98 defines the camera position in the Z direction. Since 
the height of the connectors 98 is fixed, the position of 
the camera in the Z direction is limited to a single 
fixed position. However, the height of the assembly can 
be smaller than the conventional design described below 
with regard to Figs. 17-18. 

[0043] Referring also to Figs. 17-18, a connection of 

a camera module 102 to a device printed wiring board 104 
in one type of conventional mobile telephone is shown. 
In this design the electrical connector 106 is surface 
mounted on top of the device printed wiring board 104. 
The camera module 102 is mounted on top of the electrical 
connector 106. Similar to the design described above 
with reference to Figs. 15-16, the height of the 
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connector 106 defines the camera position in the Z 
direction. Since the height of the connector 106 is 
fixed, the position of the camera in the Z direction is 
limited to a single fixed position. 

[0044] Unlike the connection systems described above 

in Figs. 15-18, the present invention provides an 
electrical connection system which allows a camera module 
to be located at any one of a plurality of different Z 
direction heights relative to the electrical connector 
and the device printed wiring board. This allows the 
camera module and the electrical connector to be used as 
common components in different types of portable 
electronic devices without having to redesign the 
connection system if the devices have different height 
locations of their device printed wiring boards. The 
same camera module can be used in several device models. 
For a manufacturer, this means that less camera module 
variants are needed. Because less camera module variants 
are needed there is a result in savings in research and 
development as well as logistics for manufacturing and 
assembling camera modules. 

[0045] Because a single type of module can be used in 

several device models, a higher volume of camera modules 
can be produced or purchased from a supplier. The higher 
volume can allow for less expensive cost per unit of 
camera module and electrical connector. As illustrated 
in comparing Fig. 11 to Figs. 3 and 9-10, the same camera 
module 24 can be used on the through board constructions 

(Figs. 3 and 9-10 for example) as well as on board 
constructions (Fig. 11 for example) . With the present 
invention, contacts can be made on sides of the camera 
module so that the camera module can be contacted even if 
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the camera's Z position is different in different 
devices. A connection system can be provided :with a 
Free-Z camera position adaptability. By using different 
size spacers in the camera housing, the Z position can be 
varied and electrical contact can still be made on the. 
sides of the camera module. The present invention 

provides a camera construction which makes it possible to 
place the camera almost freely in a Z-direction measured 
from the device printed wiring board. 

[0046] Referring now to Fig. 19, a cross sectional 

view of an alternate embodiment of the present invention 
is shown. In this embodiment the electronic device 
comprises a printed wiring board 110, a camera electrical 
connector 112, and a camera 114. The printed wiring 
board 110 has a camera receiving slot 111. The 
electrical connector 112 comprises a housing 118 and 
electrical contacts 116. The housing 118 preferably has 
a general ring shape with a camera receiving area 120 in 
the center of the general ring shape. In an alternate 
embodiment, the housing could have a general C shape. 
Two sections 122, 124 of the housing 118 are located on 
opposite sides of the camera receiving slot 111. In an 
alternate embodiment, the housing could be comprised of 
two separate housing members forming the two sections 
122, 124, respectively. 

[0047] The electrical connector 112 is stationarily 

attached to one side of the printed wiring board 110, 
such as by surface solder mounting of its contacts 116, 
for example. The contacts 116 could be members attached 
to the housing 118 or could be metallized conductors. 
The contacts 116 have sections 126 which face inward 
towards each other from the two opposing housing sections 
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122, 124. The sections 126 are preferably stationary on 
the housing 118. 

[0048] The camera 114 is substantially identical to 

the camera 24 except the camera 114 does not comprise 
metallized conductors on its housing. Instead, the 

camera 114 comprises electrical spring contacts 128 which 
extend off of the camera printed circuit board 48 in a 
general cantilevered fashion. More specifically, the 
spring contacts 12 8 have a first end attached to the 
camera printed circuit board 48, and which are bent to 
extend forward. When the camera 114 is inserted into the 
electrical connector 112 and through the camera receiving 
slot 111, the outward facing sides of the spring contacts 
128 contact the inward facing sides of the electrical 
contacts 116 at sections 126. The spring contacts 128 
have a length which extends a majority of the height of 
the camera. The camera 114 is slidably mounted in the 
connector 112. Thus, the spring contacts 12 8 can slide 
along the connector contacts 116 during assembly of the 
electronic device with the stepless movement variable 
height connection accommodating for any desired relative 
height positioning of the camera relative to the device 
printed wiring board. This embodiment illustrates that 
various different contacts would be used with the present 
invention . 

[0049] Referring now to Fig. 20, a cross sectional 

view of another alternate embodiment of the present 
invention is shown. In this embodiment the electronic 
device comprises a printed wiring board 13 0 and the 
camera 114 . The camera 114 is the same as the camera 
described in reference to Fig. 19. In this embodiment, 
the electronic devi ce does not comprise a camera 
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electrical connector. Instead, the device printed wiring 
board 130 comprises electrical contacts 132 mounted at 
the camera receiving slot 134. The contacts 132 are 
stationary on the printed wiring board, such as 
stationary contact pads. When the camera 114 is inserted 
into the camera receiving slot 134, the outward facing 
sides of the spring contacts 12 8 contact the inward 
facing sides of the electrical contacts 132. The spring 
contacts 12 8 have a length which extends a majority of 
the height of the camera. The camera 114 is slidably 
mounted in the slot 134. Thus, the spring contacts 128 
can slide along the contacts 132 during assembly of the 
electronic device with the stepless movement variable 
height connection accommodating for any desired relative 
height positioning of the camera relative to the device 
printed wiring board. This embodiment illustrates that 
features of the present invention can be accommodated 
into a connection without a separate electrical 
connector . 

[0050] It should be understood that the foregoing 

description is only illustrative of the invention. 
Various alternatives and modifications can be devised by 
those skilled in the art without departing from the 
invention. Accordingly, the present invention is 

intended to embrace all such alternatives, modifications 
and variances which fall within the scope of the appended 
claims . 
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